ABSTRACT. This study aimed to identify the disease-causing mutation in the ectodysplasin A (EDA) gene in a Chinese family affected by X-linked hypohidrotic ectodermal dysplasia (XLHED). A family clinically diagnosed with XLHED was investigated. For mutation analysis, the coding region of EDA of 2 patients and 7 unaffected members of the family was sequenced. The detected mutation in EDA was investigated in 120 normal controls. A missense mutation (c.878T>G) in EDA was detected in 2 patients and 3 female carriers, but not in 4 unaffected members of the family. The mutation was not found in the 120 healthy controls and has not been reported previously. Our findings indicate that a novel mutation (c.878T>G) of EDA is associated with XLHED and adds to the repertoire of EDA mutations.
INTRODUCTION
X-linked hypohidrotic ectodermal dysplasia (XLHED) is a rare hereditary disease and occurs in less than 1 in 100,000 births (Zonana, 1993) . The condition is characterized by symptoms including hypohidrosis, hypodontia and sparse hair, abnormal development of nails, immunodeficiency, and characteristic faces with juga forehead and chin, saddle nose, low-set ears, maxillary hypoplasia, thick and prominent lips, wrinkles, and pigment sedimentation around the orbit of the eyes. According to previous reports, XLHED is X-linked recessive or X-linked intermediate. Hemizygous male patients are often more severely affected, while heterozygous females show normal or moderate features (Itin and Fistarol, 2004) . XLHED is known to be caused by mutations in the ectodysplasin A (EDA) gene, which is located at Xq12-q13.1. EDA encodes a protein of 391 amino acids and is comprised of an intracellular domain, a transmembrane domain, a furin subdomain, a 19 repeat Gly-X-Y collagenous domain, a tumor necrosis factor (TNF) homology subdomain, and a cysteine-rich C-terminal domain (Liu et al., 2012) . EDA is a trimeric type II transmembrane protein that can release the trimer TNF core domain, which can then bind its receptor ectodysplasin-A receptor (EDAR) (Chen et al., 2001) . A previous study demonstrated that the TNF homology domain is crucial for the structure and function of the EDA protein (Song et al., 2009 ). This domain is located at the C-terminal end of the protein and is composed of 10 predicted antiparallel β-sheets, which are necessary for the binding of EDA to EDAR (Ezer et al., 1999) . The recognition and interaction between EDA and EDAR may activate the nuclear factor-kB and c-Jun N-terminal kinase pathways involved in the regulation of ectodermal morphogenesis (Huang et al., 2006) . Here, we describe the clinical features and molecular characterization of a novel point mutation in the EDA gene in a Chinese family with XLHED ( Figure 1 ). 
MATERIAL AND METHODS
The proband (III8) was a 21-year-old man. His appearance displayed the characteristic features of hypohidrotic ectodermal dysplasia (HED): sparse hair, sparse eyebrows, thin and dry skin, and specific facial features, i.e., frontal bossing, saddle nose, prominent lips, juga chin, maxillary hypoplasia (Figure 2A) . He had only 2 permanent central incisors in the maxilla. However, no abnormalities in his finger or toenails were observed. He had a father, mother, and 2 sisters, all of whom were healthy. Pedigree analysis showed that 3 males in 2 successive generations of the family were affected, indicating that the disease may have an X-linked recessive pattern in this family.
Genomic DNA was extracted from peripheral blood leukocytes of all available family members (II2, II6, II8, II10, II11, III6, III7, III8, and IV3) using standard protocols. All coding regions and the intron/exon boundaries of EDA were amplified by polymerase chain reaction, and the amplification products were directly sequenced using the ABI Big Dye terminator cycle sequencing kit (Applied Biosystems, Foster City, CA, USA) according to the manufacturer instruction. Sequences were determined using an ABI 3100 sequencer (Applied Biosystems).
RESULTS
Mutation analysis revealed that 2 patients (III8, IV3) were hemizygous for a novel missense mutation c.878T>G (p.Leu293Arg) in exon 8 of EDA ( Figure 2B ). The mutation was present in the females of the family (II6, II8, and III6), and these females were heterozygous c.878T>G mutation carriers. The mutation was absent in II2, II10, II11, and III7. The patients were hemizygous for this genotype and the unaffected male member was normal, indicating that the mutation cosegregates with HED in the family. The missense mutation has not been reported previously and was not found in 120 healthy controls. The mutation results in substitution of leucine 293 with arginine, and the leucine at this position is conserved ( Figure 2C ), suggesting that it is functionally important.
DISCUSSION
Over 100 mutations of EDA have been reported to be associated with HED, including missense, small deletion, insertion, nonsense, and splice-site mutations, as well as complete gene deletion. More than 60% of point mutations are found in exons 7, 8, and 9, which encode for the TNF homology subdomain. In this study, we identified a novel missense mutation (c.878T>G) located in the TNF homology subdomain of the EDA protein. A missense mutation (c.878T>C) at the same codon has been reported to lead to HED (Cluzeau et al., 2011) , suggesting that leucine 293 may play a key role in the function of the TNF-like domain and the EDA protein.
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